Abstract. High pressures, high speeds, low noise and miniaturization is the direction of development in hydraulic pump. According to the development trend, an operating helical rotor pump (HRP) at high speeds and high pressures has been designed and produced, which rotational speed can reach 12000r/min and outlet pressure is as high as 25MPa. Threedimensional simulation with and without cavitation inside the HRP is completed by the means of the computational fluid dynamics (CFD) in this paper, which contributes to understand the complex fluid flow inside it. Moreover, the influences of the rotational speeds of the HRP with and without cavitation has been simulated at 25MPa.
Introduction
Gear pumps are widely applied in aerospace hydraulic system, chemical industry and civil engineering for the reason of its reliability, simple structure and low cost. Cavitation and trapped-oil are two major limitations to the development of high pressures, high speeds and of gear pumps. Due to trapped-oil, the gear meshing pressure increases suddenly, which dramatically decreases the lifespan of gears. Unfortunately, the vibration and noise are caused by trapped-oil so the stability of pump system drops down [1] [2] . In this case, HRP, a kind of special gear pump, becomes relatively popular because it has no trapped-oil and flow ripples, low noise as well [3] . However, cavitation is the other non-ignorable limitation. Besides it can produce pressure fluctuations and noise, it also has effect on volumetric efficiencies [4] [5] [6] [7] .Along with the cavitation, the problems of two-phase flow appear, which have significant influences on work performance of gear pumps [8] . Numerical simulation of an external gear pumps operating at speeds below 3000rpm including cavitation is studied by D. del Campo [4] , who discusses the influences on the volumetric efficiency under different rotational speeds. In order to understand the complex fluid dynamic characterization, Zhou et al [9] simulate 2D gear pumps running at high pressures and high speeds, but cavitation is not considered. Thus,HRP is used to eliminate the effect of trapped-oil in this paper. In order to predict the actual movement of the internal flow inside the HRP, whose three-dimensional simulations including cavitation at high speeds (10000rpm and 12000rpm) and high pressure (25Mpa) are finished. Furthermore, the influences on the meshing pressure and the maximum negative pressure at different rotational speeds are studied.
Mesh model of HRP
The HRP has no trapped-oil for the reason of its special tooth profile. Two rotors mesh in the HRP, as depicted in Figure1. When the driving rotor spin clockwise, the hydraulic oil trapped in the inter-teeth volumes between rotors and body is moved from the inlet to the outlet by rotors. In this way, the pressure is formed and lifted in high pressure chamber. The transverse contact ratio of the HRP is 0.5 so that rotors keep contacting in one-point. The design of the tooth profile studied by Zhou et al [10] has been referenced to establish the mathematical model of rotors in this paper. As an example, the mathematical model of driven rotor is schematically shown in Fig.1 . In order to illustrate that the cells number have no influence on the results of the simulation, the computational domain of the HRP is divided into two groups with different number of cells. The former contains 580329 cells, the later contains 1085141 cells. In the process of simulation, the remeshing algorithm do not stop changing the number of cells in each time step until remeshing is reached. The number of cells of grids in both two groups stabilized around 880 thousands after several meshing cycles. This can be seen in Fig.5 . Considering the speed of calculation and quality of grids, the latter is selected in the end.As far as author knows, numerical simulation including cavitation requires more strict convergence criteria than that without it. Singhal et al model has been selected in this paper. This model is attractive because it can solve the continuity and the momentum equation for the mixture. The first phase chooses fuel-oil-liquid while air is used in the second phase In Fig.6(a) , from inlet chamber to outlet chamber, the closer to the outlet, the pressure higher. This is because the hydraulic oil trapped in the inter-teeth volumes between rotors and body is moved from the inlet to the outlet by rotors. The maximum pressure appears in the region that is close to the contact point of two rotors in outlet chamber. The maximum negative pressure is found in inlet chamber, as depicted in Fig. 6(b) . The pressure distribution is similar to the one obtained from 2D simulation [8] , however, the results of 3D simulation are more straightforward. Interestingly, the maximum negative pressure reaches 16MPa in 3D simulation.
Effects without and with cavitation at different rotational speeds are studied when the outlet pressure is assumed at 25MPa. Fig. 7 compares the effects on the maximum pressure without and with cavitation. Meshing pressures gradually increase with the higher rotational speeds. However, the minimum of the maximum pressure appears at 0.8 rotor cycle and this condition is not affected by rotational speeds. Cavitation has little effect on the maximum pressures because it mainly exists in low pressure chamber. Nevertheless, when considering cavitation, the maximum pressures increase nearly 4MPa at 10000rpm. The same figure shows that influence of cavitation on the maximum pressure exists mainly from 0.3 to 0.7 rotor cycle. In Fig.8 , the effects on the maximum negative pressure without and with cavitation at different rotational speeds are studied. No considering cavitation, the decline of the maximum negative pressures become more urgent with the increase of the rotational speeds and at 0.7 rotor cycle, where the maximum negative pressures reach the lowest points. In this case, the pressure difference between the maximum pressure and the maximum negative pressure becomes larger, which leads to more leakage, and the stability of rotors decreases as well. The maximum negative pressure reaches nearly 16MPa when the HRP operates at 12000rpm. The negative pressure fluctuations are significantly smaller when considering cavitation. Through the whole rotor cycle, the maximum negative pressures maintain around -2MPa, since cavitation mainly exists in low pressure chamber.
Conclusions
Three-dimensional numerical analysis of the HRP has been proposed by means of computational fluid dynamics (CFD). Furthermore, cavitation has been considered, which contributes to obtain more accurate results. The results of simulation do not equal the actual conditions. However, it contributes to study structure optimization and seal of the HRP. Comparisons of effects on the maximum pressures and the maximum negative pressures at 10000rpm and 12000rpm are presented in this paper. The pressure fluctuations where rotors mesh inside the HRP are obvious. The maximum pressure and the maximum negative pressure as the rotational speeds become higher. Cavitation has little effect on the maximum pressure where rotors mesh. However, the low pressure chamber is filled with cavitation, by which a part of leakage is prevented.
